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(54) [Title of the Invention] 

Method and Device for Machining a Substrate of Nonmetallic Material 

(57) [Summary] 

[Problem] 

To provide a method and device for machining a substrate of nonmetallic material, in 
which the nonrnetallic-material substrate can be vacuum-held 2 firmly when cutting the 
nonmetallic-material substrate with a laser beam. 

[Solution Means] 

In a nonmetallic-material substrate machining method that produces a chip-form 
substrate by using laser beam 2-3 to cut nonmetallic-material substrate 8, nonmetallic- 
material substrate 8 is placed on porous plate 17, and laser beam 2-3 is used to cut while 
vacuum-holding nonmetallic-material substrate 8 on porous plate 17 by evacuating from 
below porous plate 8. 




2 Translator's note: Here and hereinafter, also translatable as "vacuum-adsorbed; 

3 Translator's note: The Japanese patent reads "8" but it should be "17." 
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[Claims] 
[Claim 1] 

A method for machining a substrate of nonmetallic material, characterized in that, in a 
nonmetallic-material substrate machining method that produces chip-form substrates by 
using a laser beam to cut the nonmetallic-material substrate, the nonmetallic-material 
substrate is placed on a porous plate that withstands a temperature of at least 500 °C, and 
the laser beam is used to cut while the nonmetallic-material substrate is vacuum-held on 
the porous plate by evacuating from below the porous plate. 

[Claim 2] 

A method for machining a substrate of nonmetallic material, characterized in that, in a 
nonmetallic-material substrate machining method that produces a chip-form substrate by 
using a laser beam to cut the nonmetallic-material substrate after which each chip is cut 
and removed, the nonmetallic-material substrate is placed on a porous plate, and the laser 
beam is used to cut while the nonmetallic-material substrate is vacuum-held on the 
porous plate by evacuating from below the porous plate; then a UV adhesive sheet is 
stuck to the cut nonmetallic-material substrate sheet, and the vacuum is broken, after 
which the nonmetallic-material substrate is separated from the porous plate with the UV 
adhesive sheet; and then the UV adhesive sheet is irradiated with UV light, thereby 
weakening its adhesive force and detaching each chip-form substrate. 

[Claim 3] 

A method for machining a substrate of nonmetallic material, characterized in that, in a 
nonmetallic-material substrate machining method that produces chip-form substrates by 
using a laser beam to cut the nonmetallic-material substrate, [the method] is composed 
the following six processes: Process 1, in which the nonmetallic-material substrate is 
placed on a porous plate mounted on the transfer equipment, and the nonmetallic-material 
substrate is vacuum-held on the porous plate by evacuating from below the porous plate; 
Process 2, which involves multiple repetitions of [both] the process in which, while the 
aforementioned nonmetallic-material substrate is irradiated with the laser beam, the 
aforementioned transfer equipment is operated to move the nonmetallic-material 
substrate at the desired speed in the x-axis direction, thereby cutting and cracking the 
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nonmetailic-material substrate from one end to the other end, as well as the process in 
which [it] is again cut and cracked in the x-axis direction at the desired pitch in the y-axis 
direction; Process 3, which involves multiple repetitions of [both] the process in which 
the aforementioned nonmetailic-material substrate is rotated 90 °C by the aforementioned 
transfer equipment, and the nonmetailic-material substrate again is irradiated with the 
laser beam, during which time the transfer equipment is operated to move the 
nonmetailic-material substrate at the desired speed in the y-axis direction, thereby cutting 
and cracking [it] from one end to the other end, as well as the process in which [it] is 
again cut and cracked in the x-axis direction at the desired pitch in the x-axis direction; 
Process 4, in which a UV adhesive sheet is stuck to the surface of the nonmetailic- 
material substrate that was cut and cracked into a grid in the aforementioned x-axis and 
y-axis directions; Process 5, in which the vacuum of the vacuum pump is broken, thereby 
separating the nonmetailic-material substrate with the UV adhesive sheet from the porous 
plate, after which it is transferred to the transport mechanism and transported; and 
Process 6, 4 in which the UV adhesive sheet is irradiated with UV light, thereby 
weakening the adhesive force of the adhesive sheet, which detaches the cut-and-cracked, 
chip-form substrates, after which they are retrieved. 

[Claim 4] 

The method for machining the substrate of nonmetallic material described in Claim 3, 
such that [the following two processes] are added: Process A, whereby, during Process 1 
and Process 2, scribed lines are pre-engraved 5 in the vicinities of the intersections of 
areas cut into a grid pattern, or at one end or the other end, or from one end to the other 
end, in the x-axis direction of the nonmetailic-material substrate, along the laser beam 
irradiation path; and Process B, whereby, during Process 2 and Process 3, scribed lines 
are pre-engraved in the vicinities of the intersections of areas cut into a grid pattern, or at 
one end or the other end, or from one end to the other end, in the y-axis direction of the 
nonmetailic-material substrate, along the laser beam irradiation path. 

[Claim 5] 

The method for machining the substrate of nonmetallic material described in Claim 3, 
such that [the following process] is added: Process C, whereby, during Process 1 and 

4 Translator's note: The Japanese patent reads "Process 5." 

5 Translator's note: Also translatable as "pre-marked." 
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Process 2, scribed lines are pre-engraved in the vicinities of the intersections of areas cut 
into a grid pattern, or at one end or the other end, or from one end to the other end, in the 
x-axis direction and the y-axis direction of the nonmetallic-material substrate, along the 
laser beam irradiation path. 

[Claim 6] 

The method for machining the substrate of nonmetallic material described in Claim 4, 
such that it is composed of Process D, in which Process A and Process 2 are performed in 
conjunction, and Process E, in which Process B and Process 3 are performed successively. 

[Claim 7] 

The method for machining the substrate of nonmetallic material described in any one 
of Claims 1-6, such that [one of the following] laser beams is used: a C0 2 laser beam, a 
CO laser beam, a YAG laser beam, a laser beam that [operates at] a harmonic of the 
YAG laser beam or an excimer laser beam. 

[Claim 8] 

The method for machining the substrate of nonmetallic material described in any one 
of Claims 1-7, such that an assist gas is flowed along the laser beam. 

[Claim 9] 

The method for machining the substrate of nonmetallic material described in any one 
of Claims 1-8, such that a long-and-thin laser beam (width: W, length: L) is used to 
irradiate the nonmetallic-material substrate with the laser beam. 

[Claim 10] 

The method for machining the substrate of nonmetallic material described in any one 
of Claims 1-9, such that the nonmetallic-material substrate is machined while cooling the 
side immediately behind the laser beam irradiated onto the nonmetallic-material substrate. 
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[Claim 11] 

A device for machining a substrate of nonmetallic material, characterized in that, in a 
nonmetallic-material substrate machining device that produces a chip-form substrate by 
using a laser beam to cut the nonmetallic-material substrate, a porous plate on which is 
placed the nonmetallic-material substrate cut into chips is placed on the irradiated transfer 
equipment, a evacuation hole is formed in the underside of the porous plate, and a 
vacuum pump is connected to this evacuation hole. 

[Claim 12] 

A device for machining a substrate of nonmetallic material, characterized in that, 
in a nonmetallic-material substrate machining device that produces chip-form 
substrates by using a laser beam to cut the nonmetallic-material substrate, 
[it] is equipped with 

a first means such that a nonmetallic-material substrate is placed on a porous plate 
mounted on the transfer equipment, and the nonmetallic material wafer is vacuum-held 
on the porous plate by evacuating from below the porous plate, 

a second means [that involves] multiple repetitions of [both] the process in which, 
while the nonmetallic-material substrate is irradiated with the laser beam, the transfer 
equipment is operated to move the nonmetallic-material substrate at the desired speed in 
the x-axis direction, thereby cutting and cracking the nonmetallic-material substrate from 
one end to the other end, as well as the process in which [it] is again cut and cracked in 
the x-axis direction at the desired pitch in the y-axis direction, 

a third means [that involves] multiple repetitions of [both] the process in which the 
aforementioned nonmetallic-material substrate is rotated 90 °C by the aforementioned 
transfer equipment, and the nonmetallic-material substrate again is irradiated with the 
laser beam, during which time the transfer equipment is operated to move the 
nonmetallic-material substrate at the desired speed in the y-axis direction, thereby cutting 
and cracking [it] from one end to the other end, as well as the process in which [it] is 
again cut and cracked in the x-axis direction at the desired pitch in the x-axis direction, 

a fourth means such that a UV adhesive sheet is stuck to the surface of the 
nonmetallic-material substrate that was cut and cracked into a grid in the aforementioned 
x-axis and y-axis directions, 
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a fifth means such that the vacuum of the vacuum pump is broken, thereby separating 
the nonmetallic-material substrate with the UV adhesive sheet from the porous plate, 
after which it is transferred to the transport mechanism and transported, 

and a sixth means such that the UV adhesive sheet is irradiated with UV light, thereby 
weakening the adhesive force of the adhesive sheet, which detaches the cut-and-cracked, 
chip-form substrates, after which they are retrieved. 

[Claim 13] 

The device for machining the substrate of nonmetallic material described in Claim 12, 
such that [the following two] means are added: means A, whereby, during the first means 
and the second means, scribed lines are pre-engraved in the vicinities of the intersections 
of areas cut into a grid pattern, or at one end or the other end, or from one end to the other 
end, in the x-axis direction of the nonmetallic-material substrate, along the laser beam 
irradiation path; and means B, whereby, during the second means and the third means, 
scribed lines are pre-engraved in the vicinities of the intersections of areas cut into a grid 
pattern, or at one end or the other end, or from one end to the other end, in the y-axis 
direction of the nonmetallic-material substrate, along the laser beam irradiation path. 

[Claim 14] 

The device for machining the substrate of nonmetallic material described in Claim 13, 
such that [the following means] is added: means C, whereby, during the first means and 
the second means, scribed lines are pre-engraved in the vicinities of the intersections of 
areas cut into a grid pattern, or at one end or the other end, or from one end to the other 
end, in the x-axis direction and the y-axis direction of the nonmetallic-material substrate, 
along the laser beam irradiation path. 

[Claim 15] 

The device for machining the substrate of nonmetallic material described in Claim 14, 
that is equipped with a means whereby means A and the second means are performed in 
conjunction, and a means whereby means B and the third means are performed 
successively. 
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[Claim 16] 

The device for machining the substrate of nonmetallic material described in any one 
of Claims 11-15, such that [one of the following] laser beams is used: a C0 2 laser beam, 
a CO laser beam, a YAG laser beam, a laser beam that [operates at] a harmonic of the 
YAG laser beam or an excimer laser beam. 

[Claim 17] 

The device for machining the substrate of nonmetallic material described in any one 
of Claims 1 1-16, such that a ceramic or metal porous plate is used as the porous plate. 

[Claim 18] 

The device for machining the substrate of nonmetallic material described in any one 
of Claims 1 1-17, such that an assist gas is flowed along the laser beam. 

[Claim 19] 

The device for machining the substrate of nonmetallic material described in any one 
of Claims 11-18, such that a long-and-thin laser beam (width: W, length: L) is used to 
irradiate the nonmetallic-material substrate with the laser beam. 

[Claim 20] 

The device for machining the substrate of nonmetallic material described in any one 
of Claims 11-19, such that the nonmetallic-material substrate is machined while cooling 
the side immediately behind the laser beam irradiated onto the nonmetallic-material 
substrate. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a method and device for machining a nonmetallic- 
material substrate, to produce chips by using a laser beam to cut the nonmetallic-material 
substrate. 

[0002] 

[Prior Art] 

There is increased demand for a technique for precisely subdividing into minute chips 
a nonmetallic substrate, such as a glass substrate, a ceramic substrate, a semiconductor 
(e.g., Si, GaAs, InP) substrate with insulating film, a sapphire substrate, and a crystal 
substrate of LiNb0 3 , LiTa0 5 , etc. 

[0003] 

There is particularly strong demand for technology for subdividing without chipping, 
into a size of several mm square, by means of a dry process, without generating particles 
during division. 

[0004] 

In response to this demand, techniques that use a C0 2 laser beam to cut without 
contact and by means of a dry process are attracting attention. 

[0005] 

Drawing 9 is a schematic diagram showing a conventional device for machining a 
nonmetallic-material substrate by using a C0 2 laser beam. 



AD-EX Job No. J101109-Page 9 of 36 



Japanese Patent Application Public Disclosure No. 2001-170786 

[0006] 

C0 2 laser beam (i.e., collimated beam) 2-1 emitted from C0 2 laser oscillator 1 
propagates within hood 6 and is propagated as shown by arrow 2-2 after being bent at a 
right angle by totally reflective mirror 3, after which it enters focusing 6 lens 4, where 
beam 2-3 is focused as shown by the arrow[s]. This beam 2-3 is irradiated onto 
nonmetallic-material substrate 8, via conical gas nozzle tube 7. Also, assist gas 5-1, 5-2 is 
sprayed onto the aforementioned nonmetallic 8 material substrate 8, via the 
aforementioned gas nozzle tube 7. 

[0007] 

Nonmetallic-material substrate 8 is vacuum-held on worktable 9 on XYZ0 transfer 
equipment (or XY0 transfer equipment) 12. 

[0008] 

10 are vacuum suction holes, and 1 1 is the vacuum pump for vacuum-holding the rear 
surface of substrate 8 to worktable 9, via the aforementioned vacuum suction holes 10. 

[0009] 

C0 2 laser beam 2-3 is used to irradiate a nonmetallic 9 material substrate 8 from one 
end to the other end, while moving in the x (or y) direction. As a result, substrate 8 is 
cracked by the thermal stress, and substrate 8 is subdivided by propagating these cracks. 

[00010] 

Drawing 10 is a schematic diagram showing the method [used] to obtain chips 13-1 
and 13-2, by subdividing into a grid shape nonmetallic-material substrate 8. 



6 Translator's note: Also translatable as "condensing." 

7 Translator's note: In section [0042] of the Japanese patent, this beam is 2-2. It is unclear which arrow(s) is/are 
intended. 

8 Translator's note: The Japanese patent reads "metallic." 

9 Translator's note: The Japanese patent reads "metallic." 
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[00011] 

[In this] method, first, cracks 15-1, 15-2, 15-3,. .., 15-7 are produced successively, 
while moving nonmetallic-material substrate 8 in the y-direction of arrow 14-2. Next, 
substrate 8 is rotated 90°, after which board 8 is moved in the direction of arrow 14-1, 
during which time cracks are produced as [indicated by] 16-1, 16-2, 16-3, 16-4,..., which 
yields chips 13-1, 13-2,.... 

[00012] 

Vacuum suction holes 10-1, 10-2, 10-3,..., 10-64 are provided beneath respective 
chips 13-1, 13-2, 13-3.... 

[00013] 

Furthermore, when the second-harmonic light or third-harmonic light of a YAG laser 
is used instead of a C0 2 laser, cutting is performed by means of the same method. 

[00014] 

[Problems that the Invention Is to Solve] 

However, the following problems remain in the conventional method and device used 
to cut by means of a laser. 

[00015] 

(1) When the chip size is several mm square or smaller, the respective vacuum suction 
holes 10 provided on the backs of the chips to be subdivided also must have a diameter of 
at most several mm. The reason is that, to prevent the respective subdivided chips from 
blowing off during the cutting process, they must be vacuum-held securely. However, 
when the diameter is 1 mm or less, the vacuum suction decreases considerably, so 
vacuum suction is difficult. Also, it is difficult to provide many of the aforementioned 
vacuum suction holes 10 on the worktable at 1-mm intervals, from the standpoint of 
mechanical dimensional precision (worktable flatness). 
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[00016] 

(2) Because of the weakness of the aforementioned vacuum-holding force, 10 gaps 
occur in the crack regions during the cutting process. So, when producing cracks 
orthogonally in a grid, it is difficult to produce cracks, and discontinuous 11 cracks occur 
at the intersections of the grid, so it is difficult to subdivide, with high dimensional 
accuracy, square (or rectangular) chips. Also, worst-case problems include the flying off 
of chips during the cutting process. 

[00017] 

(3) It is difficult to retrieve and transport with good alignment the respective chips 
that were subdivided during the cutting process. 

[00018] 

Therefore, the purpose of the present invention is to solve the aforementioned 
problems and to provide a method and device for machining a nonmetallic-material 
substrate, such that the nonmetallic-material substrate can be vacuum-held securely when 
cutting the nonmetallic-material substrate with a laser beam. 

[00019] 

[Means of Solving the Problems] 

To achieve the purpose aforementioned, the invention of Claim 1 is a method for 
machining a substrate of nonmetallic material, such that, in a nonmetallic-material 
substrate machining method that produces chip-form substrates by using a laser beam to 
cut the nonmetallic-material substrate, the nonmetallic-material substrate is placed on a 
porous plate that withstands a temperature of at least 500 °C, and the laser beam is used 
to cut while the nonmetallic-material substrate is vacuum-held on the porous plate by 
evacuating from below the porous plate. 



10 Translator's note: Also translatable as "vacuum adsorptivity." 

11 Translator's note: The Japanese contains a typo here. 
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[00020] 

The invention of Claim 2 is a method for machining a substrate of nonmetallic 
material, such that, in a nonmetallic-material substrate machining method that produces a 
chip-form substrate by using a laser beam to cut the nonmetallic-material substrate after 
which each chip is cut and removed, the nonmetallic-material substrate is placed on a 
porous plate, and the laser beam is used to cut while the nonmetallic-material substrate is 
vacuum-held on the porous plate by evacuating from below the porous plate; then a UV 
adhesive sheet is stuck to the cut nonmetallic-material substrate sheet, and the vacuum is 
broken, after which the nonmetallic-material substrate is separated from the porous plate 
with the UV adhesive sheet; and then the UV adhesive sheet is irradiated with UV light, 
thereby weakening its adhesive force and detaching each chip-form substrate. 

[00021] 

The invention of Claim 3 is a method for machining a substrate of nonmetallic 
material, that, in a nonmetallic-material substrate machining method that produces chip- 
form substrates by using a laser beam to cut the nonmetallic-material substrate, is 
composed the following six processes: Process 1, in which the nonmetallic-material 
substrate is placed on a porous plate mounted on the transfer equipment, and the 
nonmetallic-material substrate is vacuum-held on the porous plate by evacuating from 
below the porous plate; Process 2, which involves multiple repetitions of [both] the 
process in which, while the aforementioned nonmetallic-material substrate is irradiated 
with the laser beam, the aforementioned transfer equipment is operated to move the 
nonmetallic-material substrate at the desired speed in the x-axis direction, thereby cutting 
and cracking the nonmetallic-material substrate from one end to the other end, as well as 
the process in which [it] is again cut and cracked in the x-axis direction at the desired 
pitch in the y-axis direction; Process 3, which involves multiple repetitions of [both] the 
process in which the aforementioned nonmetallic-material substrate is rotated 90 °C by 
the aforementioned transfer equipment, and the nonmetallic-material substrate again is 
irradiated with the laser beam, during which time the transfer equipment is operated to 
move the nonmetallic-material substrate at the desired speed in the y-axis direction, 
thereby cutting and cracking [it] from one end to the other end, as well as the process in 
which [it] is again cut and cracked in the x-axis direction at the desired pitch in the x-axis 
direction; Process 4, in which a UV adhesive sheet is stuck to the surface of the 
nonmetallic-material substrate that was cut and cracked into a grid in the aforementioned 
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x-axis and y-axis directions; Process 5 5 in which the vacuum of the vacuum pump is 
broken, thereby separating the nonmetallic-material substrate with the UV adhesive sheet 
from the porous plate, after which it is transferred to the transport mechanism and 
transported; and Process 6, in which the UV adhesive sheet is irradiated with UV light, 
thereby weakening the adhesive force of the adhesive sheet, which detaches the cut-and- 
cracked, chip-form substrates, after which they are retrieved. 

[00022] 

The invention of Claim 4 is the method for machining the substrate of nonmetallic 
material described in Claim 3, such that [the following two processes] are added: Process 
A, whereby, during Process 1 and Process 2, scribed lines are pre-engraved in advance in 
the vicinities of the intersections of areas cut into a grid pattern, or at one end or the other 
end, or from one end to the other end, in the x-axis direction of the nonmetallic-material 
substrate, along the laser beam irradiation path; and Process B, whereby, during Process 2 
and Process 3, scribed lines are pre-engraved in the vicinities of the intersections of areas 
cut into a grid pattern, or at one end or the other end, or from one end to the other end, in 
the y-axis direction of the nonmetallic-material substrate, along the laser beam irradiation 
path. 

[00023] 

The invention of Claim 5 is the method for machining the substrate of nonmetallic 
material described in Claim 3, such that [the following process] is added: Process C, 
whereby, during Process 1 and Process 2, scribed lines are pre-engraved in the vicinities 
of the intersections of areas cut into a grid pattern, or at one end or the other end, or from 
one end to the other end, in the x-axis direction and the y-axis direction of the 
nonmetallic-material substrate, along the laser beam irradiation path. 

[00024] 

The invention of Claim 6 is the method for machining the substrate of nonmetallic 
material described in Claim 4, which is composed of Process D, in which Process A and 
Process 2 are performed in conjunction, and Process E, in which Process B and Process 3 
are performed successively. 
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[00025] 

The invention of Claim 7 is the method for machining the substrate of nonmetallic 
material described in any one of Claims 1-6, such that [one of the following] laser beams 
is used: a C0 2 laser beam, a CO laser beam, a YAG laser beam, a laser beam that 
[operates at] a harmonic of the YAG laser beam or an excimer laser beam. 

[00026] 

The invention of Claim 8 is the method for machining the substrate of nonmetallic 
material described in any one of Claims 1-7, such that an assist gas is flowed along the 
laser beam. 

[00027]' 

The invention of Claim 9 is the method for machining the substrate of nonmetallic 
material described in any one of Claims 1-8, such that a long-and-thin laser beam 
(width: W, length: L) is used to irradiate the nonmetallic-material substrate with the laser 
beam. 

[00028] 

The invention of Claim 10 is the method for machining the substrate of nonmetallic 
material described in any one of Claims 1-9, such that the nonmetallic-material substrate 
is machined while cooling the side immediately behind the laser beam irradiated onto the 
nonmetallic-material substrate. 

[00029] 

The invention of Claim 11 is a device for machining the substrate of nonmetallic 
material, such that, in a nonmetallic-material substrate machining device that produces a 
chip-form substrate by using a laser beam to cut the nonmetallic-material substrate, a 
porous plate on which is placed the nonmetallic-material substrate cut into chips is placed 
on the irradiated transfer equipment, a evacuation hole is formed in the underside of the 
porous plate, and a vacuum pump is connected to this evacuation hole. 
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[00030] 

The invention of Claim 12 is a device for machining the substrate of nonmetallic 
material, that, 

in a nonmetallic-material substrate machining device that produces chip-form 
substrates by using a laser beam to cut the nonmetallic-material substrate, 
is equipped with 

a first means such that a nonmetallic-material substrate is placed on a porous plate 
mounted on the transfer equipment, and the nonmetallic material wafer is vacuum-held 
on the porous plate by evacuating from below the porous plate, 

a second means [that involves] multiple repetitions of [both] the process in which, 
while the nonmetallic-material substrate is irradiated with the laser beam, the transfer 
equipment is operated to move the nonmetallic-material substrate at the desired speed in 
the x-axis direction, thereby cutting and cracking the nonmetallic-material substrate from 
one end to the other end, as well as the process in which [it] is again cut and cracked in 
the x-axis direction at the desired pitch in the y-axis direction, 

a third means [that involves] multiple repetitions of [both] the process in which the 
aforementioned nonmetallic-material substrate is rotated 90 °C by the aforementioned 
transfer equipment, and the nonmetallic-material substrate again is irradiated with the 
laser beam, during which time the transfer equipment is operated to move the 
nonmetallic-material substrate at the desired speed in the y-axis direction, thereby cutting 
and cracking [it] from one end to the other end, as well as the process in which [it] is 
again cut and cracked in the x-axis direction at the desired pitch in the x-axis direction, 

a fourth means such that a UV adhesive sheet is stuck to the surface of the 
nonmetallic-material substrate that was cut and cracked into a grid in the aforementioned 
x-axis and y-axis directions, 

a fifth means such that the vacuum of the vacuum pump is broken, thereby separating 
the nonmetallic-material substrate with the UV adhesive sheet from the porous plate, 
after which it is transferred to the transport mechanism and transported, 

and a sixth means such that the UV adhesive sheet is irradiated with UV light, thereby 
weakening the adhesive force of the adhesive sheet, which detaches the cut-and-cracked, 
chip-form substrates, after which they are retrieved. 
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[00031] 

The invention of Claim 13 is the device for machining the substrate of nonmetallic 
material described in Claim 12, such that [the following two] means are added: means A 5 
whereby, during the first means and the second means, scribed lines are pre-engraved in 
the vicinities of the intersections of areas cut into a grid pattern, or at one end or the other 
end, or from one end to the other end, in the x-axis direction of the nonmetallic-material 
substrate, along the laser beam irradiation path; and means B, whereby, during the second 
means and the third means, scribed lines are pre-engraved in the vicinities of the 
intersections of areas cut into a grid pattern, or at one end or the other end, or from one 
end to the other end, in the y-axis direction of the nonmetallic-material substrate, along 
the laser beam irradiation path. 

[00032] 

The invention of Claim 14 is the device for machining the substrate of nonmetallic 
material described in Claim 13, such that [the following means] is added: means C, 
whereby, during the first means and the second means, scribed lines are pre-engraved in 
the vicinities of the intersections of areas cut into a grid pattern, or at one end or the other 
end, or from one end to the other end, in the x-axis direction and the y-axis direction of 
the nonmetallic-material substrate, along the laser beam irradiation path. 

[00033] 

The invention of Claim 15 is the device for machining the substrate of nonmetallic 
material described in Claim 14, that is equipped with a means whereby means A and the 
second means are performed in conjunction, and a means whereby means B and the third 
means are performed successively. 

[00034] 

The invention of Claim 16 is the device for machining the substrate of nonmetallic 
material described in any one of Claims 11-15, such that [one of the following] laser 
beams is used: a C0 2 laser beam, a CO laser beam, a YAG laser beam, a laser beam that 
[operates at] a harmonic of the YAG laser beam or an excimer laser beam. 
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[00035] 

The invention of Claim 17 is the device for machining the substrate of nonmetallic 
material described in any one of Claims 1 1—16, such that a ceramic or metal porous plate 
is used as the porous plate. 

[00036] 

The invention of Claim 18 is the device for machining the substrate of nonmetallic 
material described in any one of Claims 1 1-17, such that an assist gas is flowed along the 
laser beam. 

[00037] 

The invention of Claim 19 is the device for machining the substrate of nonmetallic 
material described in any one of Claims 11-18, such that a long-and-thin laser beam 
(width: W, length: L) is used to irradiate the nonmetallic-material substrate with the laser 
beam. 

[00038] 

The invention of Claim 20 is the device for machining the substrate of nonmetallic 
material described in any one of Claims 11-19, such that the nonmetallic-material 
substrate is machined while cooling the side immediately behind the laser beam irradiated 
onto the nonmetallic-material substrate. 

[00039] 

[Preferred Embodiment of the Invention] 

Next, preferred embodiments of the present invention will be discussed in detail, with 
reference to the appended drawings. 
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[00040] 

First, Drawing 5 will be used to explain the configuration of the cutting device for the 
nonmetallic-material substrate. 

[00041] 

In this Drawing 5, [components labeled] with symbols identical to those explained in 
Drawing 9 have the same functions. 

[00042] 

That is, C0 2 laser beam (collimated beam) 2-1 emitted from C0 2 laser oscillator 1 
propagates within hood 6, after which it is bent at a right angle by totally reflective 
mirror 3 and propagates as shown by the arrow. [It then] it enters focusing lens 4, where 
beam 2-2 12 is focused as shown by the arrow[s]. This beam 2-3 is irradiated onto 
nonmetallic-material substrate 8, via conical gas nozzle tube 7. Also, assist gas 5-1, 5-2 is 
sprayed onto the aforementioned nonmetallic 13 material substrate 8, via the 
aforementioned gas nozzle tube 7. 

[00043] 

Nonmetallic-material substrate 8 is vacuum-held on worktable 19 on XYZ0 transfer 
equipment (or XY0 transfer equipment) 12. 

[00044] 

The [essence] of the presence invention is the improvement of this worktable 19. 



Translator's note: In section [0006] of the Japanese patent, this beam is 2-3. It is unclear which arrow(s) is/are 
intended. 

13 Translator's note: The Japanese patent reads "metallic." 
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[00045] 

That is, worktable 19 is configured such that porous plate 17 that withstands a 
temperature of at least 500 °C is installed; nonmetallic-material substrate 8 is placed on 
this porous plate 17; evacuation hole 18 is provided in worktable 19 below porous 
plate 17; vacuum pump 1 1 is connected to this evacuation hole 18; and by using vacuum 
pump 11 to evacuate this evacuation hole 18, the bottom surface of nonmetallic-material 
substrate 8 is vacuumed via porous plate 17 and evacuation hole 18, thereby sucking it 
onto porous plate 17. 

[00046] 

In the cutting process that uses C0 2 laser beam 2-3, the instantaneous temperature rise 
on the rear surface of nonmetallic-material substrate 8 is at most 500 °C, so a metal or 
ceramic can be used safely as the material of porous plate 17. 

[00047] 

This porous plate 17 is structured so as to have many pores on the order of several um 
to 100 um, so even when [the substrate] is subdivided into chips [measuring] 
approximately 1 mm square by means of cut cracks, it is possible to hold nonmetallic- 
material substrate 8 on porous plate 17 by sufficiently vacuum-holding it. 

[00048] 

Also, the surface of porous plate 17 is much smoother than the surface of worktable 9, 
in which conventional vacuum suction holes 10 are provided. Therefore, it is possible to 
vacuum-hold sufficiently even if the rear surface of nonmetallic-material substrate 8 is 
not smooth. 

[00049] 

The first embodiment of the nonmetallic-material substrate cutting method of the 
present invention is shown in Drawing 1. This cutting method is composed of six 
processes. 
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[00050] 

Usable nonmetallic-material substrates include glass, a ceramic, a semiconductor (e.g., 
Si, GaAs, InP) with insulating film, and a crystal (e.g., sapphire, LiNb0 3 , LiTa0 5 ). In this 
method, this nonmetallic-material substrate is subdivided by cutting it into chips [with 
sizes ranging from] small (on the order of a submillimeter square) to large (several mm 
square or several tens of mm square). 

[00051] 

Process 1: First, in Process 1 (SI), 14 the nonmetallic-material substrate is placed on a 
porous plate mounted on the transfer equipment that enables movement in the x, y, z, and 
0 directions, by means of an electric drive. This porous plate can be made of metal, 
ceramic, etc. The porous plate is a plate having multiple pores [measuring] from several 
\xm to approximately 100 |im. If a mechanism for evacuating from below this porous 
plate is provided, the nonmetallic-material substrate is vacuum-held on 15 the porous plate, 
so it will not be blown off by the spraying of the assist gas, 16 even during cutting. The 
subdivided minute chips (submillimeter squares) also will be held tightly to the porous 
plate, with sufficient vacuum-holding. 

[00052] 

Process 2: Next, in Process 2 (S2), while the assist gas is sprayed onto the vacuum- 
held nonmetallic-material substrate, and while the transfer equipment is moved to move 
the nonmetallic material on the transfer equipment at the desired speed in the x direction, 
the nonmetallic-material substrate is irradiated, from one end to the other end, with the 
C0 2 laser beam. This produces a crack from one end of the nonmetallic-material 
substrate and propagates it to the other end. [By means of the] same operation, another 
cut and crack are produced in the x direction in the nonmetallic-material substrate, at the 
desired pitch in the y direction. Furthermore, by repeating multiple times the 
aforementioned operation, cuts and cracks are formed, from one end of the substrate to 
the other end, at the desired pitch, in the y direction in the nonmetallic-material substrate. 



14 Translator's note: The literal translation is "Process," although "S" apparently indicates "Step. 

15 Translator's note: The Japanese patent reads "is evacuated onto." 

16 Translator's note: The Japanese patent contains a typo for this word. 
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[00053] 

Process 3: Next, in Process 3 (S3), the aforementioned substrate is rotated 90 °C by 
the transfer equipment, and while again spraying the assist gas, the transfer equipment is 
operated while using the C0 2 laser beam to irradiate the nonmetallic-material substrate, 
thereby moving the nonmetallic-material substrate at the desired speed in the y direction, 
which produces cuts and cracks from one end to the other end. The process [whereby] 
cuts and cracks are again produced in the y direction, at a given pitch in the x direction, is 
repeated multiple times. 

[00054] 

By means of the aforementioned operations, an x-y grid of cuts and cracks is 
produced in the nonmetallic-material substrate. 

[00055] 

In the aforementioned Processes 2 and 3, a C0 2 laser (wavelength: 10.6 urn) is used 
as the laser oscillator. In addition to this [laser], however, a CO laser, YAG laser, a laser 
that [operates at] a harmonic of the YAG laser beam, an excimer laser, etc., can be used 
as the light source with a wavelength easily absorbed by the nonmetallic-material 
substrate. 

[00056] 

Next will be explained the process in which the multiple minute chips subdivided in 
Process 3 are retrieved as a batch, without disturbing their arrangement, and finally each 
chip is retrieved separately. 

[00057] 

Process 4: First, in Process 4 (S4), a UV adhesive sheet is stuck to the substrate 
surface, with the nonmetallic-material substrate cut and cracked in Process 3 vacuum- 
held. Dicing tape made by Lintec Corporation, for example, is used for this UV adhesive 
sheet. The adhesive layer is formed on the application layer of a polyolefm sheet, so this 
tape can be attached to the aforementioned substrate surface. 
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[00058] 

Process 5: Next, in Process 5 (S5), the vacuum of the vacuum pump is broken, 
thereby separating the nonmetallic-material substrate with the UV adhesive sheet from 
the porous plate, after which it is transferred to the transport mechanism and transported. 
Each chip is stuck to the UV adhesive sheet, so they do not fall off and scatter during 
transport. 

[00059] 

Process 6: Finally, in Process 6 (S6), the other side of the UV adhesive sheet (i.e., the 
side to which the nonmetallic-material substrate is not attached) is irradiated with UV 
light. As a result of this UV light irradiation, the adhesive force of the aforementioned 
UV adhesive sheet decreases sharply. (For example, an adhesive force of 300 mN / 
25 mmD drops to an adhesive force of 50 mN / 25 mmD.) Therefore, each cut-and- 
cracked chip is detached and can be retrieved easily from the aforementioned UV 
adhesive sheet. The electrical or optical [properties] of each chip are evaluated, after 
which it can be mounted in a device or equipment. 17 

[00060] 

As aforementioned, during the laser cutting process, chips do not blow off and 
unnecessary gaps do not occur in the crack region. Also, even in the case of extremely 
minute chips, it is possible to maintain their position by adequately vacuum-holding them. 
Furthermore, when cut chips are retrieved, they do not detach separately, so the chips are 
easily located, etc., on the substrate. Therefore, it is possible to retrieve them from the 
process equipment in the cut-and-cracked state. Finally, it is possible to test and inspect 
each chip as is, before removing each chip. Also, it also is possible to test and inspect 
after removing each chip. 



17 Translator's note: The grammar of the Japanese sentence is ambiguous. This seems to be the meaning intended by 
the author. 
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[00061] 

The second embodiment of the nonmetallic-material substrate cutting method of the 
present invention is shown in Drawing 2. 

[00062] 

In the second embodiment, Process A is provided between Process 1 and Process 2 of 
the first embodiment shown in Drawing 1, and Process B is provided between Process 2 
and Process 3. 

[00063] 

In the aforementioned Process A, scribed lines are pre-engraved in the vicinities of the 
intersections of areas cut into a grid pattern, or at one end or the other end, or from one 
end to the other end, in the x direction of the nonmetallic-material substrate, along the 
C0 2 laser beam irradiation path. 

[00064] 

Also, in Process B, scribed lines are pre-engraved in the vicinities of the intersections 
of areas cut into a grid pattern, or at one end or the other end, or from one end to the other 
end, in the y direction of the nonmetallic-material substrate, along the C0 2 laser beam 
irradiation path. 

[00065] 

Various convention methods can be used as the aforementioned scribed line 
engraving method. Examples include a method of forming the scribed line by irradiating 
with a laser (e.g., a YAG laser, excimer laser), a method of forming the scribed line by 
using a diamond or super-hard 18 cutter, a method of forming the scribed line by using an 
ultrasonic vibrator, and a method of forming the scribed line by using a metal file, 
needle, 19 etc., with a sharp edge. 



18 Translator's note: Also translatable as "carbide." 

19 Translator's note: Also translatable as "hook." 
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If a scribed line is drawn in advance along the path of the laser beam in this manner, it 
is possible to improve the crack propagation, crack linearity, intersection orthogonality, 
etc. 

[00067] 

The third embodiment of the nonmetallic-material substrate cutting method of the 
present invention is shown in Drawing 3. 

[00068] 

In the third embodiment, Process C is provided between Process 1 and Process 2 of 
the first embodiment shown in Drawing L 

[00069] 

In this Process C, scribed lines are pre-engraved in the vicinities of the intersections 
of areas cut into a grid pattern, or at one end or the other end, or from one end to the other 
end, in the x direction and y direction of the nonmetallic-material substrate, along the 
C0 2 laser beam irradiation path. 

[00070] 

The fourth embodiment of the nonmetallic-material substrate cutting method of the 
present invention is shown in Drawing 4. 

[00071] 

The fourth embodiment includes Process D, in which Process A and Process 2 of the 
second embodiment shown in Drawing 2 are performed in conjunction; and Process E, in 
which Process B and Process 3 are performed in conjunction. 
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[00072] 

A concrete example of the method used to process the nonmetallic-material substrate 
of the present invention is shown in Drawing 6. 

[00073] 

This machining method presents a concrete example of Process D of the fourth 
embodiment explained in Drawing 4. 

[00074] 

That is, in this method, cutting is performed as cracks are produced by irradiating a 
C0 2 laser beam along the scribed line, while engraving a scribed line along the path of 
the C0 2 laser beam. 

[00075] 

This method is such that, [along] scribed line 20, cracks are propagated and cutting is 
performed [as follows]: In this example, scribed line engraving part 22, in which tip 21 is 
composed of a rotary diamond cutter, is provided in advance of the C0 2 laser beam. 
While scribed line 20 is engraved, cracks are produced later by irradiating along the 
aforementioned scribed line 20 with C0 2 laser beam 2-3. Cutting is performed by 
propagating the cracks. 

[00076] 

Drawing 7 shows an embodiment in which the scribed line is pre-engraved on 
nonmetallic-material substrate 8. 

[00077] 

The scribed line may be engraved as indicated by 20-9, 20-10, 20-11, 20-12,..., in the 
vicinity of grid intersections, in the following manners: The scribed line is engraved as 
[indicated] by 20-5, 20-6,... (or 20-1, 20-2,...) at one end 23-1 (or 23-3) of nonmetallic- 
material substrate 8; or the scribed line is engraved as [indicated] by 20-9, 20-10,... (or 
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20-11, 20-1 l,...) 20 at the other end 23-2 (or 23-4); or a continuous scribe line is pre- 
engraved as indicated by 20-7, 20-8,... (or 20-3, 20-4,...), from one end 23-1 (or 23-3) to 
the other end 23-2 (or 23-4). 

[00078] 

In Drawing 8, the aforementioned nonmetallic-material substrate of the present 
invention, which was cut and cracked by means of the device in Drawing 5, is removed 
from porous plate 17, after which nonmetallic-material substrate 8 with adhesive sheet 24 
is transported. The adhesive force of the adhesive layer is weakened by irradiating UV 
light 25a from UV light source 25, from behind the aforementioned UV adhesive 
sheet 24. Each chip 13-1, 13-2,..., 13-N is detached and retrieved from UV adhesive 
sheet 24. 

[00079] 

Furthermore, electric circuits (e.g., an IC, LSI), elements (e.g., resistors, inductors, 
capacitors), and electric wiring patterns, or optical circuits and optical wiring patterns 
may be formed in the substrate or on the front and back of nonmetallic-material 
substrate 8 used in the present invention. Also, the laser-irradiated surface may be either 
the front or back of the aforementioned nonmetallic-material substrate. Moreover, the 
nonmetallic-material substrate may have any shape (e.g., rectangular, circular, elliptical). 
The irradiation shape of laser beam 2-3 on nonmetallic-material substrate 8 preferably is 
a linear beam, elliptical beam, etc., with a width of at most 1 mm and a length of at least 
10 mm. However, it also may be an almost circular beam. Also, the rear of the laser beam 
irradiation area on nonmetallic-material substrate 8 may be locally cooled rapidly. In the 
preferable rapid-cooling method, a refrigerant gas is sprayed. 



Translator's note: The Japanese patent reads "20-1 1, 20-1 1,..." but it probably should be "20-1 1, 20-12,...; 
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[00080] 

[Effects of the Invention] 

In short, as aforementioned, the present invention has the following effects: 
[00081] 

(1) Because the entire substrate back is uniformly and very securely vacuum-held, the 
cutting dimensional precision does not drop during minute chip cutting, even if cut chips 
are blown off 21 by the assist gas and gaps occur between chips. 

[00082] 

(2) After cutting is completed, the cut substrate can be transported to another location 
with its shape maintained as is (i.e., the UV adhesive sheet is stuck to the substrate 
surface, so that each chip does not scatter). The electrical properties or optical properties 
of each chip on the transported cut substrate also can be evaluated while the chips remain 
attached. It also is possible to evaluate as aforementioned the electrical or optical 
properties, by detaching each chip by using a UV light source to irradiate the 
aforementioned UV adhesive sheet. 

[00083] 

(3) The porous plate has an extremely smooth surface, so even minute, mm-size cut 
chips do not blow off during the cutting process, so it is possible to vacuum-hold [them] 
on the porous plate. 

[00084] 

(4) The total throughput time can be shortened, because it is possible to transport the 
entire cut substrate after removing it from the machining equipment. That is, after cutting, 
it is possible to considerably shorten the time from that [required] when removing 
individual chips from the machining equipment. 
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[00085] 

(5) Also, it is possible to remove the entire cut substrate from the machining 
equipment, to inspect surface patterns of the chips on this substrate and evaluate the 
electrical or optical properties, and then to pick out only the non-defective parts. 
Therefore, even after the aforementioned processes, the time can be shortened 
considerably, which effectively enables low-cost chip production. 

[00086] 

(6) A porous plate is used, so during the cutting of chips of any size, one porous plate 
can be used for all applications, which reduces the manufacturing equipment cost and the 
estimated cost. 22 



21 Translator's note: The Japanese verb meaning "blown off' contains a typo. 

22 Translator's note: The Japanese seems to be a typo for the homophone meaning "capital cost" 



AD-EX Job No. J101109 - Page 29 of 36 



Japanese Patent Application Public Disclosure No. 2001-170786 

♦ ■■ 

[Brief Explanation of the Drawings] 

Drawing 1 shows the first embodiment of the machining method of the present 
invention. 

Drawing 2 shows the second embodiment of the machining method of the present 
invention. 

Drawing 3 shows the third embodiment of the machining method of the present 
invention. 

Drawing 4 shows the fourth embodiment of the machining method of the present 
invention. 

Drawing 5 shows an embodiment of the machining device of the present invention. 

Drawing 6 is a schematic perspective view showing a concrete example of Process D 
of the fourth embodiment of the present invention. 

Drawing 7 is diagram showing an example in which scribed lines are pre-etched on 
the nonmetallic-material substrate [produced] by means of the machining method of the 
present invention. 

Drawing 8 is a diagram showing the method of holding the cut nonmetallic-material 
substrate of the present invention, the transport means, and the chip detachment method. 
Drawing 9 is a diagram showing the conventional machining device. 
Drawing 10 is a diagram showing the conventional machining method. 

[Explanation of Symbols] 

2-3 Laser beam 

8 Nonmetallic-material substrate 

1 1 Vacuum pump 

17 Porous plate 

18 Evacuation hole 

19 Transfer device 23 



Translator's note: Translated as per the Japanese, but 12 is the transfer device and 19 is the worktable. 
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[Drawing 1] 



The process in which a nonmetallic-material substrate is placed on a 
porous plate mounted on transfer equipment, and the porous plate is 
evacuated from below, thereby vacuum-holding the nonmetallic- 
material substrate on the porous plate. 

i 

The process in which, while an assist gas is sprayed onto the 
nonmetallic-material substrate, a C0 2 laser beam is used to irradiate 
the nonmetallic-material substrate. Meanwhile, the transfer equipment 
is activated to move the nonmetallic-material substrate at the desired 
speed in the x direction, thereby producing cuts and cracks from one 
end to the other. [Also,] the process in which the process that produces 
cuts and cracks in the x direction is repeated multiple times, at the 
desired pitch in the y direction. 

The process in which, the aforementioned nonmetallic-material 
substrate is rotated 90° on the transfer equipment, after which the 
nonmetallic-material substrate is re-irradiated with the C0 2 laser beam 
while spraying the assist gas. Meanwhile, the transfer equipment is 
activated 24 to move the nonmetallic-material substrate at the desired 
speed in the y direction, thereby producing cuts and cracks from one 
end to the other. [Also,] the process in which the process that produces 
cuts and cracks in the y direction is repeated multiple times, at the 
desired pitch in the x direction. 

I 

The process in which a UV adhesive sheet is stuck to the surface of the 
nonmetallic-material substrate in which a grid of cuts and cracks in the 
aforementioned x and y directions. 



SI 

(Process 1) 



S2 

(Process 2) 



S3 

(Process 3) 



S4 

(Process 4) 



The process in which the vacuum of the vacuum pump is broken, 
thereby detaching the nonmetallic-material substrate with the UV 
adhesive sheet from the porous plate, after which it is transported. 



4 



The UV adhesive sheet is irradiated with UV light to weaken the 
adhesive force, thereby detaching the substrate of cut-and-cracked 
chips, after which [they] are removed. 



S5 

(Process 5) 



S6 

(Process 6) 



24 Translator's note: The Japanese word contains a typo. 
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[Drawing 2] 



Process 1 



The process in which scribed lines are pre-engraved in the 
vicinities of the intersections of areas cut into a grid pattern, or at 
one end or the other end, or from one end to the other end, in the x 
direction of the nonmetallic-material substrate, along the C0 2 laser 
beam irradiation path. 



SI 

SA (Process A) 



Process 2 



The process in which scribed lines are pre-engraved in the 
vicinities of the intersections of areas cut into a grid pattern, or at 
one end or the other end, or from one end to the other end, in the y 
direction of the nonmetallic-material substrate, along the C0 2 laser 
beam irradiation path. 

I 

Process 3 

l 

Process 4 
i 

Process 5 



S2 

SB (Process B) 



Process 6 



S3 
S4 
S5 
S6 
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[Drawing 3] 



Process 1 



SI 



The process in which scribed lines are pre-engraved in the vicinities 
of the intersections of areas cut into a grid pattern, or at one end or 
the other end, or from one end to the other end, in the x direction of 
the nohmetallic-material substrate, along the C0 2 laser beam 
irradiation path. 



Process 2 



SC (Process C) 



S2 



Process 3 



Process 4 



Process 5 



Process 6 



[Drawing 4] 



S3 



S4 



S5 



S6 



Process 1 



i 



Process in which Process A and Process 2 are performed in 
conjunction. 



Process in which Process A and Process 2 are performed in 
conjunction. 

l 

Process 4 
i 

Process 5 

I 

Process 6 



SI 

SD (Process D) 

SE (Process E) 

S4 
S5 
S6 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 10] 
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Affiaafe^U-^Lfca*©***** 

U *©*UV»#*— hfcUV**IWtL-C*©*» 
# «r8©T#^ y :tf|*©***«L«taMi LT* 9 til 

[ »#>S 3 ] #&JR$mS«£ f A-eti&r L 
• r y ?tt©S1K t f * **K4MUW©AiX*felc*i 

^»sa±cs:a*itfc#as7'i'- h«±ic*&ii*r 

*fSSSrg# v *©#7LSyu-h«©T-4>6,ilS#^ 

*5ISl ;±B**JW««R-tfcw— J*if-Atrfll 
At Loo±fE#tt£a £-£T#&JR*r#£«$r X 

a»6^«STaWrtS4r38£$tfftXg£, Y**.rt 

«xattr. *»@»»>S-tIS2 ;±B#*Att*S 
fitr±IB^!!i^a^9 0° HUES*, Iflfu— ftf-A 

©-*«a»e»*36r«i*-e«ilft»«r»4'**sxfifc, 
«r38£fftXSi«r, «j»:iHl*ft!)iS-fXS3 ; _LfEX& 
««B±fcUVg5*i/-h*IS9#ttftXS4 ;A2# 

LT*©*»S'-> ©«***»*, fJWrfSS^fc^ 

y^ttwssi^^iiL-capfflries ;«±©6o© 
xga» 6, *ft i k *#* & i-s *Ajwm*«©aox* 

[»*«4i isi txnzmz. i"~ rtf-A(Dfi9 

it*US|:±©^a«-»Sfi©Xtt*^©-^«iHft* 
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XgAfcttiPU .£fc!B2©Xgi:a3©Igt©fflfc 

w-^if-A©iiu^±©*^jWf*at«©Yitosrfl 

©-*«!MfcWa, *fctt-*«*»6ft*«*T». *>ft 

trttl? fC*J < XSB Sr#iO 3 £«©#&£ 

*m«R©fllXJ6rtlc. 
[t»^45] XSl iXS2iailc, W— f lf-A©M 

««U»±©^a«-fjs«rox«i^f^R^Y**A©- 

«^*fc«iiat-S«»©2SSX«jE»K:T-*(tas#»«ra 
Pp LT* < IgC £tf in Lfc»#« 3 fB*©#&jR#:|sf 
SS©SPX^rfe 0 

[lt#*6] XSAiI@2Sr^S)LTfT5 iJKi" 
ftXgDi, XgBtXS3Sriii^br«5J:5»--rft 
XgE ic LfcSI*^4 E«©?teA4ffi£g©AlX* 

[11**7] Iz-flf-Ailt^ CO, U-if t*- 
A, COV— !ftf— A, YAG I — -J* If— A, Y AG U 

20 — f tr— A©KfiS£u— ftr— a, jt^s^u— f»tr— 

«©iDI#&, 

[ft*S8] u— ff-ACiBo-cr^ h^SrSE 

■ft 5 bfcis*^ i ~ 7 v^a»icis«©*AJWW 
ss©anx^i£ 0 

S*L©»Sv>i»ttlf-At?B8JH:*tt5J:5tu*: 

i ~ 8 v^*ta»KB«©*Aiw»attR©ani* 

30 [M4io] ft&stitnmi±.\cfmztix^zi> 
—f if- A©a cimohi l** «> tt»s« 

triPI"tftlll*3Jt 1 ~ 9 H.d>icC«©^jMmS 
ffi©APX*fe, 

l-c^ y y«©s« i i-«*4jw*»«©lnxi6«fc 
Jsv^-C, w— ffef-A«:BMt*H5#»Sa±fc, 
7 , *t«|(H-ft^a#»s«S:H:ai-ft*?m^v- 

frjMtu *©Ksa»ftpc«a#«s«t«ibfcc 

40 i*^i-r5#&A*rasffi©;&nxgB. 

1 2 ] 'jMtJUttWKt ^— !f «f-AT?Sd»f 
LT^ s'7^t©S« 1 1-ft*AR*r«3&E©i)PX^aK: 

!(^S«Sra#, *©#a*7'W-rh«©Td»bAffi»« 

*ft^i©¥at. 



3 

TJWXlfcSfaiCtnirt S*3S£ $ -Br$ XS t fcttftH 
«DjS1-ft2<D^a£, 

±fe#&a##sfi*±fE#a£s-?9o e Beg*, 

W^|6j»wSd9ftSS:l54i-5IStSr, «*I§IJI9Z1- 
ftSO^ai:, 10 

a*m««affi±fcU V8a->- h fcflfi 9 Sft 4 0 

h«±>S>e>^J!f L-CJR 
aNMtlc* ft 5 *>^a i , 

uvgf->- ncuv*«r«a*Lr*o*»s/- ho« 

ttftStteAixtta. 20 

[ts*9i3] ftio^gtft2<o#araic, u~ r 

#a^©Y«^fcfc-;fr«a»te2riS&\ *fctt-^r«g^e 
LfcS*« 1 2 Efco^&JHtttfSfiroiflXSft, 30 

[a*9i4j ftio^at»2o^aiaiKi, u— »f 
a 1 3 ie*<o#&a«- ffissroapxasa. 

[1**915] ¥liAtft2<o#ia;«raiiLTtT5 J: 
5Ki-5¥S;t. ¥aBtft3«J^&Sra«!U-CfT5 J: 
5t1-5^a*ffl*.fca*gH 4EttoM»tHK 

[11*916] W— iftf-Ai LT, CO, w-f.lf 
-A, COWft-A, YACV-fe-A« YAG 

- A*av*fcll!*9 l l ~ l 5v>i**v;WcS2«©#&JI 
tmSfccJnxaa. 

*a»&as<o£?i«:rw— hfi^fflv>fc»*9 ii-i 
6 ^Tfta»KiE«©#^^s«<oiQxaB. 

[81*918] Ftf— Alcftotr*^ 

9ttl 5 £Lfc»*9 li-i 7 v^-r*uJ»lc£«©#& 50 
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[a*9i 9] i^— ? x-j*n#&m##m&±.\zm 
w*9 n~i8 v>r*va i tE«^^m»^sfifl5iH) 

XHB. 

[S*92 0] #&a*mS«-hfcJ!8l*S*i,-0^u 
SriiDI-f *a*9 1 1-1 9V^r*ia»fcfE«cD#&A«- 

ISfSSOiDXgSo 
[000 1] 

[0002] 

i&xo&m #7^s«> ±5 &aja 

ttZ*m# (Si, GaAs, I nP4if) Sfi, f"7 
T'f^Sfi, LiNbO, HiTaO, >fc£<0l£i§g 

iPX^ft^S^SiBiSoTtTV^. 
[0003] «pfc. ^Hf^t^-T 1 ^ 9/Hi&£.Hrr y 

caaapii- 5t8fM5&< as^-cv^. 

[0004] -bE£*K:*fLT, CO, v—tPf-A* 
[0 0 0 5] H9I4, fitJfcOCO, U'-lf-ir-ASrffl 

[0006] co, w-f&asia^ajttsftfcco 

, u~ <flf-A (Wf-i,) 2-ltt7-K6t*}££ 
»U ^SIt$7-3tJ:o-ca^lcfttf ?>ixT^gi2 
-2corfc<£»u a3tw>X4icAtt*ix, ::t? 
C-A2-3f±^Rl«ori:<a3fe*^ ■ecof-A2- 

3 #nm*#x s 7 rt£iio-t#&a*mg«8 

±»CMItSJt5. t.1t7UX h#XS- lRXfS-2 t 
±iEif^ / X/w§ 7 Sriiot±iE^a^S« 8 ±tc?»: 

[0007] #&m#®mm ft. xyzo ^»sg 

[0 0 0 8] 1 0«a$«f|?t-efc»3, lltt_L£3C2 
R5l5tl 0*aL'C5«8<Ciaffi*!7-^7 l -^/V9± 

[0 0 0 9] CO, u— f-f-i.2-3«: % X 

v>«y) ^rrsi»c^»«fro^air»s«8w-^jgi» 
[ooio] aiott*^a*f»a«8s-^f-«ic5>»f 
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U 13-2, -irft£;H&a«a;H 

[0011] »Mirfl«8t - JW\ fcftl 4 - 2 
<DYlffa\C&m Jfoo, #815-1, 15-2, 1 
5-3, 1 5-7«r&*fcSB££-tt-.5 < , ftl:. SK 
8Sr9 0* |eHE£*fc&, &te8£fcfpi 4-l£Afc 
^ft^^oo, §SSrl 6-1, 16-2, 16-3, 
1 6-4-<ori<»4$-a-Tf i s'7'l 3-1, 13- 
2-Sr#5*ftT?J>5. 

10 0 1 2] 4rX<T>' 1 f-y7\ 3- 1, 13-2, 13- 10 
3, -©WEfcttXSRilrtl 0-1, 10-2, 10 
-3, -1 0-6 4imVbi%X^Z. 

[0 0 13] &*5, CO, U— »f©ftfr»)fc, YAGW 

©#8refflW;(IDX#fTt>;h.5. 
[0 0 14] 

[«K*s«KfetJ:5t-J-5JHI] icsmo^f 
IM#*>*. 

[0 0 15] (1) fy^Xilmm^i', ^rtlJ: 20 
►>/h<*<fcoT<5i:, •5rtv^^»rt5^y^(D* 
HfcKttfcXaMtel!* 1 0 i>Cftt>ftmmi\ *tlH <0 

Ue^£^rxfcv\ fc-eftkil, *-*i<-e*i©£»r 
Lfc^y^#»l»aPI»te!fct »tf Stvfcv^J: ?fc, L- 

-*x-?>±fc±IE££R3l:A: 1 0 S: 1 mmlSfil^ 

m ,(osi»e>t)SiLv\ 30 

[0016] (2) ±EKfi»»a©«S©fc*C, M 

te^*fctg£3B££-B:3&fc, #a*3B£Lfc<<L 
fcD, te*#©£Xftfc*giRtft®as38£Lfc») LT 
(*>5V^»S^) ©^yT'fc^fcttS&^Sl 

y 7& m V«o X t * 5 ft £ © f&S&& fc o fc. 
[0017] ( 3 ) tl»r»7B#fc#Sf Lfc*JveH© ^ 

[0 0 18] *36W©B«)tt, ±i2RHSr«^ 40 

©#&*#*»«* Lo;4>«>g£RitT#*#&»tti|sf 
£fi©Jai2ra=&tf-*-©£tt«:!§«-rS i i fcfcS, 
[0019] 

[SSJ®«r»ft1-5fcft©#a] ±IBBWS:^i-5ft:* 
fc, lf*«l©*^fi, *AJWWatKtu— 

^■ffilcisv^T, it5 0 0'C©fflaf(w»x.5#?L 

KT'i'- hffi-tfc^&StTOSSifcll* , *©#?lfl^ 
w-h«©Ta»fe*2SH5LT^?L1t:7V-h«±fc# 50 
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[0 0 2 0] |«*S2©3BMI4, *4JWHBa«t^- 
1f f-ATftHPfL-C^s/y^roStet LfcR, ^©^ 

^T, #ftStri'-h«±fc#&JR*m&fi*H£, * 
©#?LR:/i'- UlEOT^bKffilWtU-C^ajt^u- 
f»«±fc*A«*mS4R*StSK«S-fr*4S u— f* 

fcUVSMI^-hSrSiDtttt, JI^R**^-^*: 

-hSa»$>£l*U *©&UV&;fS'-hfcUVft£JI 
J*LT*©&*A&il»T#f-:y:^©*K*-ttv?;h, 
UTSt 9 AW * 5 fc Ufc^JR»«-S«©JPX*fi 
Xhi> a 

[0021] is*5 3 ©55^1*, #&mttnm&& v- 

*©aqi#lfcfclBV*-c, ^Si^g±fc^SSixfc#aS 

*#^3&KSr«SK«*-fr*XSl ; -hSa^jHWS 
«±fc u— f f-iv SrJ&tt Loo±E^»SBSrf^l) § 

*&*#i*s«©-**sa>&«i*«*-cwi9f#s*»* 

**5X8t, Y«i*|fi]fc3fMtfy^-f fc-frTflVXW 
# AfcfiJI$r#8fc$5£1-$xa£ Sr, «t X 

a 2 ;±s5^«#«sfi^±iE»ft^*-e9o° me 

4*. Stfi'— ff-A4r*&flWms«±fcJ!Mtto 
UiSi-xa3 ; ±EXXVY#*i^fc»^©fiJ»f#a 

►)*msxa4 :jcaawunioKa^i^-^*i?-ar 

±a>e.»«LTJ82l«l«fc«UiRSI1-^xm5 ; UVS 
hfcUVJtSrMMUT-t©^^- h ©&*;*>£ 
Sfe, SI»f#Slf*ttfc^5'7'«©S«tr^)BtT5t9ffl 
fXS 6 ; #±© 6 o©ia^5> <c 5 #&*#**£«© 

[0 0 2 2] iSJ|t^4©l8^li. iai£xa2^fc, 
U— !ff-A©flait«W±©^S«-i|EfS«©X$4*|pi 

V ^tttt^fcSdBri-^. SP^©3£XSP5£«fc^ » (t^s t iR 
Sr*I^L-C*5<iaA4r#ML, 4fcxa2txa3t 

©re fc 9 s f- a <Dflgj»«u»±©*^a«-^s«© y 

-e, *>5i^tt»^ttfc#J»f-r58S^©35XSBS«fc^© 
ttasf «%aPP UT*S < iaB fcttJO UfcSI^S 3 !Btt 
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*ms«©iox;£ifc-efc 5. 

[0 0 2 31 ff*3S5<0«Ml4, Xgl iXS2|»C > 

XtfYW^ft©-;*!*;^;^ Sfctt-;frSg;&»e>E# 
fc*^tt$*#fc«Er*E#©£XE:fiEfc 
^ » E*$PP U-C*5 < ISC «rf«Jl LfcE*S 3 

K«©#&E#**S«©;&nx#8:T?fcs. 

{0 0 24] »*=56©*Mtt, XgAiXS2&»Ii 
UTfT5J:5C1-5XSDt, XEB&XS3«r3El, 
Tfr 5 J: 5> ti-5XSE t L-fc§8*S4 E«©#&JWf 
ilsfSSOiDX^ft-C'fcS. 

[0 0 2 5] Sf*«7^M(4, l/-ff-AtLt, 
CO, W-lffcT-A, COU-ft-A, YAGU-f 
tT-A, YAGU'-lfK'-A©ii5^W— if tr— A, x 
* W w-f if- A &fflv>fc!f*5 1 ~ 6 vvf *vi»CB 

[0026] 3**58 ©389! tt, -ff-.MCfcoT 

E*o*^«#»»KoiDx^«feTr *> 5 . 

[002 7] »*$ 9 ©38?Htt, l^-if tr-Ali#&jS 
*TOSE-h icEW, fiSL ©jfiHgV If- A -cMIt $ 

tiz i 5 £ LfcSS*5 i ~ 8 vvf ^*»»cia«o^ja«- 
**g«©;&nx#ifc-e;fc5„ 

[0028] 11*5 1 0 ©38^(4. #&ja*m&K±fc 
fc#&JR#**£fi£;&nXl-.5fil*5 1 ~ 9 vvf JuMcE 

«©#&JS*m&K©;&Dx;$r 5. 
[00 2 9] f|*5 l l ©EWtt. #&JS*rosSE* v 

TEfc*S#*n«:»*U *©*a#E PfcKffl** 

[0030] E*5l 20EEtt, w 
— f \£- K T«E L-tT^ v T'ttCSE t 5 
S«<0JnX3Sa^*JV>T, £»EE±fcKE$iT-fc£fl. 

jf^i^-h«±ic^a«-^£«4-st, *©#?lb:/ 

Ea$mS«*E2S*$-£5El©#ai, #Ea# 
^SE.hfcV'— fx- A *JUt Loo. igEEBfcft* 

$ -rc#Ea# xtt^isjicgfaaft-e^ss 

T#&«$mS£©-;*S8a> "TEES SSrE 

tt;fr(p]K:EE#gfcE££-l*-SXSi 9 Si- 

ll 2 ©3*a£. ±E#*JUmSC»±E9ttaB-C9 
0' EE$*. WVu-lPe-A*gMkJwm»B±K 
MLoo, »»EafcftEbS*-C#Ea*f»E««:Y 

•town cgfsaa-c^E **t t n-ism* e>fis#E* 
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-f fe*-c wxnarw fe«»f t ilktr, 

3 ©*«i, ±EXEtfYE#Elc«- 

EEEaJt^v- h«±a»e>»«urK«««tc»u» 

iSi-*E50#at. UV»tS/-HCUVEt«ltL 
^«0S«Sr^EtTaDUli-^6 0^ai, fcEAfc 
[0 0 3 1] E*5l 3 ©EBB:, El©^aiSS2© 

fcig 2 ©^atss 3 ©^a t ©rat w — if tf-AoHJ* 

Efcli-;irEa»&EaE*-e, E5V*H*fttMMEr 
(E«B> «r#lDtfcE*qil 2E«o*AE«»«R 
[0 0 3 2] 19*51 4©E91«\ ai©^atE2© 

ftf«OLfcE*Si 3EEo0NeMrmCKoAiXEB 

[0 0 3 3] »*«1 5©EHI4, fliAil20fl 

ta«U-Cff5i:5K1-S*at«*.fcM**l 4E« 
©#&«»»««©;tox3gll-cfc5. 

[0 0 3 4] »*5l 6<D»^tt, I'-ft-Ait 
■C» CO, U-lflf-A, COW— iff— A, Y AG U 
— !flf-A. YAGU— fe-AOiSffl|8u- 

at#^u— tfe , «-ASrfflv%fcffl*5l l~l 5V> 

rita»fcE*©#&a##s«©iflX£E-efc5. 

[0 0 3 5] »*5l 7©E5!t4, #HJt7l'-hmb 

fc»*5l.l - 1 6 Irvf *v*»liE«©^^JB«-ff5«© 
JOXSfi-CfcS. 

[003 6] H*fl 1 8 ©E^tt, u— f tf-AREo 
t7-^ h^A«:E1-J:5KUfcS*9l 1~1 7W 
*t*»lcE«©*AE#«Sfi«)isixEBT*)«. 

[0 0 3 7] E*Sl 9©EWtts **-Att#E 
S»»S«-hKBW, SSL OIKV^HK tr-A"CE« 
**i.5J:5K:Ufca*9l l~l 8V^Tn*M^EE©^ 
E*»RS«(OjpxEET?*>5. 

[0038] E#S 2 0 ©EEtt. ^^J8«^SS±lc 
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9 10 
5>^JR^SS*aDXl-5i»*«l 1-1 Wfti* [0 0 5 0] #&mtmW&b LTH\ #7*. *7 5 

Kfe«<D#&X#**g«ro;!JDX&fi^&5 0 j/**, t&mmttZ*m# (S i , G a A s . InP, 

[0 0 3 9J m „ j££ (t77^r, L i NbO, , L i Ta 

[*n«>X*«>»tt] SIT, *5gS3©#3S-£2£©«*8 O, % «) SrfflV^i 5. ZOft&RttfWR 

[ o o 4 o ] fsf , H 5 fc J: 9 MlWIfiofflS ttS l o mmA ©*f- y 7*t S-eWlSflc «t 9 am-** 

[004 1] C<O05IC*3V^» @9-CfftKLfc^F#i [00 5 1] III ; 5fe1*Ig 1 (SI) fcfc^T, X 

[004 2]Tftfc>^ CO, f~ HUBS l^tUlt 10 *tfc#a«:/u-h*±lc#*J«ttHS«*B<. 

SftfcCO, iFtr-A (^f-A) 2-1147- £RW7\<>-mtt, -fe75-y^^JJ^©fcO 
K6rt*e«U ^KW^^-SKio-CKftfcftJfS, #5Lfl7*V — H£f±s *jimft»&100j(in 

2-3 *»H«pjtfx / 7 ftim-ox#&mttm& ti, #&x#**s«f4#?iS7v- f-fi-ttcx£#a£ 

«8±fcJBJ*Siv5 0 *fcr^>^5-liffB- «»rJPI«f»ct>r^ M!l!SW7i!l!ttSii 

2t>±fB#*/X/Mf7£:®oT±ffi&m##g«8± #*V\ 4fctMfrLfc*4MfvfX*- S 'r (0. Stmm 

[00 4 3]^IWSffi8B > XYZ9§iii KlfSStSttS. 

(*>5VMiXY0#i!l&B) 12±C7-^f-^l 20 [005 2] I@2 ; Jtctlt2 (S2) fc*JVvf, X 

9±icX£&5t£*u-cv^„ ^K*$*vrv^^JiWS«±^rv^ h 

[0 0 4 4] *»WKiiBVvCH:, Z.W-t'T—fiVX fttttftas^ a»^lbgit*;£»£it#»gK±<Z># 

'9SrSfeALfc^{cS>5. *Jltffira*X#AK:^a»?Wtt£'*oo, CO 

[004 5] -ffcfe*,, V-tt—tfrX 9ICI4, 4»!e , w-lf tf-Afc^&X^Sfcio-^Sa^ffi^Jg 

< i 1 5 o o tofi&CihlS^JLJfTV- h« i 7 as i-eJMrt-*. :JiK J: •? , #&X*ms«»--;Ma;i» 

mttftbti, -&<0#7Lfi7'w-h«l 7©±Kl#&JS &t8*S£S-tl\ te>^c4^*;ft«ritS£li:5. n 

<7>9-?t-7*i 9Eiixg*ftni sas&tf?,*., TXtfx#fflfc*Jlff#8l«:»4i-a*S. $p>ic±ie^ 
*©X£#&P 1 8 KXattftJEB 1 1 im&Zti. * iSi-r t fc i 9 » H^JW^XfiOY^Hg 

oxaHMnist. xaHHUMLi-cxaaMM-ft 30 K^©tfy^r«iif#a*«««>-*«*»fe**«4 

817, XSttftn l 8Sr^U-CXS3l**ttT#7LK [0 0 5 3] Ig3 ; ifcfc:lg3 (S3) te*5V*-C, ± 

7V-h«l 7±lcK5l$ft3J:5U:*lf££*vCV»5. IE*«4»»gtt-C 9 0° BUR**, XOTV* 

[0046] co, ftr-A2-3*fflv>fc«i»fJp fc&^ttttfttfibco, u-iffcr-A*#&jg*f*y&R 

ITftt, ^X^£«8©XE©»IRJttfcSflr±#tt ±£!&#Loo#S!i£B£ftntt£li:T#&£##S«fc 

5 o 0Wt?fcifflt, #?LSI:7V- HKl 7©*tR Y^iSjtcSfaaa-C^Si^-frT, 

[004 7] Cl©#iLe7'V-h«l 7tt, SUm~l TMtTY:frftte»lff*«**£S*SlS*1tt@* 

0 0 M mSS<O^Uj(OM?L7tSr^-r5«ag^b*9, « DSI". 

»ftSlcJ:oTlmmftgS<o^yy^»rr5»^-e 40 [ 0 0 5 4 ] E1±<D i 5 ftUffKlJ: 9 

t>+^XSK*U-C^^X*fffS«8S:^7LKyw- ' ±KXY«kf-«fc*ir#«*»&**S. 

hCl 7 ±RH*1-S [0 0 5 5] ±IBXS2Xt;3lC*5V>-CJ4, V-if^S 

[004 8] 4fc#?L«7V-hfil 7©*®«, fc* «ltttft#l 0. 6*m<0CO, l^— r*JBl««#, - 

©X2K5I*: 1 0 S:#»:Kltfc7-j5'7 i -y/W9ro«ii ix£l^K^X*r»S«»i»JtZS^-rv^Srojl£jSi: 
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